Abstract. The overall survival rate and prognosis of patients with laryngeal cancer are not optimistic despite advances in therapeutic techniques. Gene expression prognostic models enable the development of more appropriate treatment strategies. The human gene PTPN11 encoding a non-receptor protein tyrosine phosphatase, Src homology phosphotyrosine phosphatase 2 (SHP2), is a well-documented proto-oncogene in various malignancies. This study investigated the role of SHP2 expression and associated clinical manifestations in laryngeal cancer using a tissue microarray of 112 pairs of laryngeal cancer samples and corresponding adjacent normal mucosae. SHP2 expression increased in laryngeal cancer, and this result was associated with the poor survival rate of laryngeal cancer patients. Moreover, increased SHP2 expression remarkably promoted the growth of laryngeal cancer cells in vitro and tumorigenicity of laryngeal cancer cells in vivo. The Ras/Raf/Mek/Erk pathway was also found to be involved in the SHP2-induced growth of laryngeal cancer cells. Overall, our findings indicated that SHP2 plays an important role in laryngeal cancer tumorigenesis and that its expression is negatively correlated with the prognosis of patients. Thus, SHP2 may be a promising combinational therapeutic target for treatment of laryngeal cancer. The interference of SHP2 expression can serve as a novel strategy for laryngeal cancer treatment.
Introduction
The overall incidence of laryngeal cancer has remarkably increased in recent decades and has become the second most common cancer of the respiratory system in China (1, 2) . In the United States, over 13,000 new cases were detected and diagnosed in 2007 (3) . The establishment of organ preservation approaches in recent years has improved the life quality of early cancer patients. However, the survival rate of patients with laryngeal cancer has decreased compared with the survival rate of patients with all other types of cancers as a whole (4) . Therefore, the molecular pathogenesis of laryngeal cancer must be elucidated and novel strategies for treating laryngeal cancer must be developed.
The Src homologue phosphotyrosine phosphatase 2 (SHP2) is an intracellular tyrosine phosphatase with two tandem repeated Src homology 2 domains and has emerged as a major regulator of receptor tyrosine kinase, cytokine receptor, and hormone signaling (5, 6) . Constitutively activating mutations in human gene PTPN11 encoding for SHP2 have been detected in almost 50% of Noonan syndrome patients who are at high risk for juvenile myelomonocytic leukemia. Somatic mutations resulting in constitutively active SHP2 have also been found in several types of leukemia (7) . Notably, SHP2 and its binding scaffolding/adaptor protein Gab2 are overexpressed in a significant portion of breast cancer patients to promote mammary cell hyperproliferation (8) . Furthermore, SHP2 is a major target of Helicobacter pylori CagA, which plays a key role in the pathogenesis of gastric carcinoma by activating SHP2 in a tyrosine phosphorylation-dependent manner (9, 10) . Collectively, these findings indicate the involvement of SHP2 in the initiation and development of a variety of human malignancies (11) . Therefore, PTPN11 is proposed to be the first proto-oncogene that encodes a tyrosine phosphatase (12) .
In this study, we investigated the role of SHP2 in laryngeal cancer and its correlation with the prognosis of laryngeal cancer patients. Our findings provided a basis for the development of SHP2-targeted laryngeal cancer prevention and therapy.
Materials and methods
Ethics statement. All patients were from China and received treatment in the First Hospital of China Medical University. All clinical investigations were approved by the China Medical University Ethics Committee, and all patients involved in this study signed pertinent consent forms.
All animal studies were approved by the China Medical University Ethics Committee, and all animal experiments were conducted in the Experimental Animal Center of China Medical University according to International Guiding Principles for Biomedical Research Involving Animals. All animals were housed in virus-free facilities and maintained in a temperature and light (12/12-h light/dark cycle)-controlled environment. Mice were permitted ad libitum access to water and standard chow.
Animal experiments. For the growth assay, 18 eight-week-old male nude mice were divided into two groups and inoculated with Hep2 Control/siSHP2 cells (2x10 6 ). All mice were sacrificed by anesthesia overdose 8 weeks after inoculation. Tumors were measured by a Vernier caliper, weighed, and photographed. A portion of tumor tissues was collected, fixed in 10% formaldehyde, and embedded in paraffin for tumor pathological analysis.
Patients and microarray tissue samples. All human laryngeal tissues were obtained from surgical resection specimens of laryngeal cancer patients in China Medical University (Shenyang, China). For prognostic analysis, a tissue microarray was made from 112 laryngeal cancer samples with corresponding peritumor tissues collected from laryngeal cancer patients who underwent curative resection in China Medical University (Shenyang, China) from September 2005 to May 2012. For real-time PCR analysis, another 68 laryngeal cancer and corresponding peritumor frozen tissues were collected.
Immunohistochemistry and tissue microarray analysis.
IHC analysis of tumor sections and tissue microarray were performed using the antibodies listed in Table I . The sections were incubated with primary antibodies at 4˚C overnight, followed by horseradish peroxidase-conjugated secondary antibody at 37˚C for 30 min. The sections were then incubated with diaminobenzidine and counterstained with hematoxylin for detection. Assessment of tissue microarray staining was based on the percentage of positively stained cells, and staining intensity was measured by Image Scope (Aperio Technologies, Inc.) software. The expression levels of SHP2, p-Raf, p-MEK, and p-Erk in all 112 pairs of samples (cancer tissues and corresponding non-cancer adjacent tissues) were quantified (13) . The ratio of SHP2, p-Raf, p-MEK, and p-Erk expression between each tumor and corresponding non-cancer surrounding tissue was calculated.
Cell lines and recombinant virus. Laryngeal cancer cell line Hep2 was purchased from the Cell Bank of Type Culture Collection of the Chinese Academy of Sciences. Lentivirus expressing siSHP2 or control was generated using Lenti-X Expression system (Clontech Laboratories, Inc.).
Cell proliferation assay. Hep2 siSHP2 and their control cells (1x10 3 ) were cultured in 96-well plates for various time periods. ATP activity was measured using a Cell Counting Kit-8 (Dojindo, Kumamoto, Japan) with a Synergy 2 microplate reader following the manufacturer's instructions. The results are presented as proliferation indices relative to control cells.
Real-time PCR. The original amount of specific transcripts was measured by real-time PCR using an ABI PRISM 7300 sequence detector (Applied Biosystems). The primer sequences are provided in Table II .
Western blot analysis. The Hep2 cell extract was separated on polyacrylamide-SDS gels, transferred, and probed with a specific primary antibody. The protein band, specifically bound to the primary antibody, was detected using an IRDye 800CW-conjugated secondary antibody and LI-COR imaging system (LI-COR Biosciences). The manufacturer information of the primary antibodies is provided in Table I .
Statistical analysis. Overall survival was defined as the interval between the dates of surgery and death. All statistical analyses were performed with SPSS version 18.0 software. The χ 2 test or Fisher's exact test was used to compare qualitative variables, whereas continuous variables were compared 
Results

SHP2 expression is upregulated in laryngeal cancer compared with other head and neck tumors.
To explore the role of SHP2 in head and neck tumor, we first evaluated SHP2 expression in various head and neck tumors. Fig. 1A shows a tissue array containing different head and neck tumor samples subjected to immunohistochemical staining. SHP2 expression was more elevated in laryngeal cancer and its neck lymph nodes than in other tumors. This finding prompted us to investigate whether SHP2 played an important role in laryngeal cancer tumorigenesis. A tissue array containing 112 laryngeal cancer samples relative to corresponding noncancer tissues in patients was used for immunohistochemical staining (Fig. 1B and C) . The results were further confirmed by western blotting (Fig. 1D ) and real-time PCR (Fig. 1E) analyses. We found that SHP2 expression was remarkably enhanced in laryngeal cancer.
SHP2 overexpression was associated with poor prognosis of laryngeal cancer. To investigate the clinical significance of SHP2 overexpression in laryngeal cancer, we further studied the role of SHP2 in laryngeal cancer at the molecular level. We found that SHP2 expression was correlated with the survival of laryngeal cancer patients. Higher SHP2 expression was associated with poorer prognosis of laryngeal cancer, whereas lower SHP2 expression corresponded to higher survival rates ( Fig. 2A) . We then examined the relationship between SHP2 expression in tumor tissues and the clinicopathological characteristics of the 112 patients (Table III) . Correlation of regression analysis indicated that prognosis was correlated with several individual parameters, including SHP2 expression, tumor stage, nodal stage, tumor diameter, growth pattern, and surgery (Table IV) . These individual parameters were further analyzed with a multivariate Cox proportional hazard model. Results indicated that tumor diameter, nodal stage, and SHP2 expression level were independent and significant factors that affected the survival of laryngeal cancer patients ( Fig. 2C and Table IV) . Among these factors, SHP2 expression level had a significant hazard ratio (HR) value for cumulative survival (HR, 2.837; 95% confidence interval, 1.196-6.728; P=0.02). We also analyzed the percentage of tumor diameters and nodal stage between low-and high-level SHP2 expression specimens. We found that patients with high-level SHP2 expression tended to have larger tumors and poorer nodal stages ( Fig. 2D and E) . These results suggested that SHP2 may function as a proto-oncogene.
Transfection of SHP2 into human laryngeal cancer cells promotes cell growth.
To validate our findings that SHP2 acted as a proto-oncogene in laryngeal cancer, we used a human laryngeal cancer cell line to examine the effects of SHP2 expression on cell growth. The identification of Hep2 cell lines with over-or low-expressing SHP2, is shown in Fig. 3A . Using a cell-counting kit assay, we found that SHP2 influenced Hep2 (parental transfectant) cell growth (Fig. 3B ). This result was further supported by the results of an anchorage-independent cell growth assay. Using a soft agar colony formation assay, we found that SHP2-overexpressing Hep2 (Hep2-SHP2) cells grew in the absence of anchorage, suggesting that increased SHP2 expression resulted in anchorage-independent cell growth (Fig. 3C) . To determine the effects of elevated SHP2 expression on laryngeal cell growth in vivo, we established two stably transfected cell lines, namely, Hep2-siSHP2 and Hep2 control cells (Fig. 3A) . Then, 2x10
6 Hep2-siSHP2 and Hep2 control cells were subcutaneously inoculated into nude mice for the xenograft assay. Fig. 3D shows that compared with the control cells, Hep2 cells with low-level SHP2 expression exhibited weaker tumorigenicity in nude mice both in terms of volume and weight ( Fig. 3E and F) . SHP2 expression in the tumors was identified by IHC staining. Representative images stained with hematoxylin and eosin are shown in Fig. 3G . Ki67 staining in tumors showed that SHP2 expression was lower in tissue sections from low SHP2 expression tumors than that in high SHP2 expression xenografts (Fig. 3G) , suggesting an important role of SHP2 in Hep2 cell growth. Overall, the results in Fig. 3 suggested that SHP2 may be crucial to human laryngeal cancer growth.
Number and value (range) ---------------------------------------------------------------------
SHP2 promotes laryngeal cancer growth by activating the Ras/Raf/MAPKs signaling pathway.
To identify the molecular mechanism of laryngeal cancer growth promoted by SHP2, we assessed the expression profile of related genes in SHP2-expressing cells and analyzed the relevant regulatory signaling pathways. The Ras/Raf/MAPK signaling pathway is a predominant regulatory mechanism activated by SHP2 in leukemia (12) . Therefore, the phosphorylation levels of Raf, MEK, and Erk were examined to determine whether phosphorylation was required in SHP2-mediated laryngeal cancer growth. Fig. 4A shows that the phosphorylation levels of Raf, MEK and Erk were significantly upregulated in tissues of laryngeal cancer patients. In the subcutaneous xenografts, we confirmed this result in Hep2-siSHP2 cells (Fig. 4B) . Furthermore, the phosphorylation levels of Raf, MEK and Erk were significantly downregulated after stimulation with EGF (50 ng/ml) in low SHP2-expressing Hep2 cells compared with the levels in the control cells (Fig. 4C) . Downregulation of the downstream transcription factors of this pathway such as c-Jun and c-Myc was also observed in low SHP2-expressing cells (Fig. 4D) . SHP2 was closely correlated with p-Raf in the 112 laryngeal cancer tissues samples (r=0.799, p<0.001) (Fig. 4E) . In addtion, the combination analysis of SHP2 expression and p-Raf expression could assess the overall survival rates of 112 laryngeal cancer patients more accurate (Fig. 4F) .
Discussion
Laryngeal carcinoma accounts for 90% of carcinomas found in the head and neck region. This cancer is often fatal despite current treatment protocols involving surgery, radiation and chemotherapy (14, 15) . Even with new treatment protocols, no significant improvement in 5-year overall survival rates has been observed (15) . Novel therapeutic strategies specifically targeting growth pathways utilized by tumor cells have shown great potential in treating this disease.
SHP2 encoded by the PTPN11 gene is a protein tyrosine phosphatase (PTP) containing two tandem repeated Src homology 2 domains in its N-terminal region (15) . In contrast to many other protein phosphatases, SHP2 promotes rather than inhibits cellular processes such as cell proliferation and motility (16) . Germline gain-of-function mutations in PTPN11 have been reported in 50% of patients with Noonan syndrome, a developmental disorder characterized by facial abnormalities, short stature, congenital heart defects and increased risk of hematological malignancies, notably juvenile myelomonocytic leukemia (17) . Known as the first bona fide PTP oncogenic regulator (12) , SHP2 overexpression has been detected in numerous tumors, such as several types of leukemia and breast cancer (18, 19) . SHP2 overexpression also triggers the activation of several cytoplasmic kinase cascade pathways, such as the Ras-Raf-Erk (20) , JAK/STAT (21) and PI3K/AKT pathways (22) . Moreover, studies on mouse genetics, gene silencing, and sequencing reveal a broad role of SHP2 in cell fate and tumor development (18, 19, 23, 24) .
In the present study, we showed that SHP2 expression increased at both mRNA and protein levels in laryngeal cancer, and this elevated expression was associated with malignant clinicopathological characteristics. The correlation between SHP2 expression and surgical outcomes was further investigated in a retrospective study of 112 laryngeal cancer patients. We found that tumor survival rates substantially differed between patients with high-and low-level expressions of SHP2 in tumor tissues. Multivariate analysis revealed that SHP2 expression was an independent and significant risk factor affecting survival rate after curative resection, with the greatest HR value for survival. More importantly, SHP2 overexpression showed enhanced accuracy in predicting surgical outcome in patients with laryngeal cancer at early stages. To gain insight into the mechanism regulating laryngeal cancer tumorigenesis, we established a stable cell line expressing lowlevel SHP2 by recombinant lentivirus. We further found that SHP2 could promote laryngeal cancer cell growth and tumor formation, and under the stimulation of EGF (50 ng/ml), SHP2 could activate the Ras/Raf/Erk pathway which play an important role in tumor growth (25, 26) . Moreover, SHP2 expression is closely correlated with p-Raf expression in laryngeal cancer, and the combination analysis of SHP2 expression and p-Raf expression would help to assess the prognosis of laryngeal cancer patients. These data strongly suggested that SHP2 had clinical significance by targeting the SHP2-activated signaling pathway in the individualized therapy of laryngeal cancer patients. The data also provided new insight into the prognosis of laryngeal tumorigenesis and the individualized therapy of patients. Therefore, we believe that SHP2 functioned as a proto-oncogene, and its elevated expression activated the Ras/ Raf/Erk pathway and contributed to complicated malignant progression.
In conclusion, methods traditionally used to determine the clinical management of laryngeal cancer, one of the most common malignancies in the head and neck, are now considered inadequate for current clinical protocols (27) . Although attempts have been made to improve the prediction of patient outcome using new markers such as p53, p21, and EGFR (28-30), results are not satisfactory. However, SHP2 as a novel regulator of laryngeal cancer may have an important role in laryngeal cancer tumorigenesis through the Ras/Raf/MEK/Erk signaling pathway and may serve as a valuable prognostic biomarker and potential therapeutic target. Thus, our study revealed a novel function of SHP2 and the molecular mechanism by which SHP2 promoted laryngeal cancer tumorigenesis.
